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Description 

This invention relates generally to the field of 
stroboscopic inspection by a video camera in real- 
time of asynchronous dynamic events, and more 
particularly to a method and apparatus for synchro- 
nizing high intensity, short duration illumination of a 
substantially predictable asynchronous event in 
real-time with image acquisition by a video camera 
particularly suitable for a closed loop color to color 
registration system in commercial web printing ap- 
paratus. 

Video inspection of dynamic events is well 
recognized in the prior art (for example US-A- 
4586080) as an important element in the imple- 
mentation of various automated functions in com- 
mercial and industrial environments. Of particular 
interest is the ability to perform video inspection of 
an asynchronous event which occurs or recurs at a 
predictable time or within a known time window. 
Such inspection of moving or dynamic scenes typi- 
cally utilize high intensity, short duration illumina- 
tion (i.e., stroboscopic illumination) to stop the mo- 
tion together with a video camera to acquire an 
image of the scene. Frequently the events are 
changing at high speed and therefore precision 
timing is required in order to capture an image of 
the event. 

As an example, in multi-color printing machines 
in which successive printing operations are per- 
formed in a plurality of colors on a moving web at 
successive repeat lengths it is necessary that the 
locations on the web at which the successive print- 
ing operations are performed have a predetermined 
relationship to one another. Thus, each printing 
operation applies a different color in a predeter- 
mined pattern to the web superimposed to form a 
desired multi-color image. To obtain high quality 
resolution in the final product it is necessary that 
the patterns printed be precisely aligned. This 
alignment is referred to as registration. 

It is know in the prior art that registration of the 
printed pattern may be checked by printing reg- 
istration or alignment marks on the printed web. 
This may be done, for example, by applying a 
mark of one color having a tolerance range and 
then printing a mark of another color within the 
tolerance range of the first mark. The operator then 
evaluates the registration marks and by controlling 
axial, circumferential, and skew adjustments con- 
trols registration. This adjustment process is very 
time-consuming and demanding on press operators 
and introduces the possibility of error as well as 
limiting the accuracy with which register may be 
controlled. Thus, automatic measurement and con- 
trol of registration adjustment is highly desirable. 

One approach to automatic registration control 
(as disclosed in, for example, WO-A-84/01 231 ) 



compares the location of the registration mark on 
the web at each printing stage and adjusts the work 
applying members until the locations of the marks 
have a predetermined relationship. Such a system 
5 employs a photoelectric sensor for detecting the 
position of the registration marks applied to the 
web. Thus, an inexpensive and reliable photo-sens- 
ing device is highly desirable for acquiring an im- 
age of the registration marks in such an automated 

w system. 

Charge coupled device (CCD) video cameras 
provide such a reliable and inexpensive video sen- 
sor. By utilizing a CCD video camera, a video 
image of the signature of the web or a portion 

75 thereof can be acquired and processed by an 
automatic control system to identify registration 
marks and their locations. Since the signature has 
a consistent repeat length, the approximate recur- 
ring location of the registration marks is predict- 

20 able. To acquire a video image from the moving 
web, a high intensity, short duration illuminating 
source (e.g., a strobe light) may be utilized to stop 
the motion. However, in the prior art, CCD cameras 
were not suitable for use with a strobe to acquire 

25 the image of an asynchronous event because the 
CCD video camera requires that a field scan be 
completed immediately prior to the strobe firing 
due to the charging and strip requirements of the 
CCD sensor. In addition, electro-magnetic interfer- 

30 ence created by the strobe destroys some of the 
image data being acquired. This prevents reliable 
image data acquisition and analysis. 

US-A-4567506 describes apparatus for syn- 
chronizing high intensity short duration illumination 

35 of a substantially predictable asynchronous event 
in real time with image acquisition by a video 
camera having an image sensor and a synchroniza- 
tion generator circuit which generates periodic scan 
pulses which trigger an image acquisition scan of 

40 the image sensor. The apparatus comprises means 
for triggering high intensity short duration illumina- 
tion of the substantially predictable event and 
means for triggering an image acquisition scan of 
the image sensor to generate image data cor- 

45 responding to the substantially predictable event. 
The system does not involve a CCD image sensor, 
no suggestion is made of means for selectively 
disabling scan pulses and no prefresh scan is 
generated. 

so (e.g., a strobe light) may be utilized to stop the 
motion. However, in the prior art, CCD cameras 
were not suitable for use with a strobe to acquire 
the image of an asynchronous event because the 
CCD video camera requires that a field scan be 

55 completed immediately prior to the strobe firing 
due to the charging and strip requirements of the 
CCD sensor. In addition, electro-magnetic interfer- 
ence created by the strobe destroys some of the 
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imag data being acquired. This prevents reliable 
image data acquisition and analysis. 

It is accordingly an object of this invention to 
provide a novel method and apparatus for synchro- 
nizing a video camera to the stroboscopic illumina- 
tion of an asynchronous event to permit reliable 
high speed real-time image acquisition. 

It is another object of the invention to provide a 
novel method and apparatus for triggering a 
prescanning of a CCD video camera sensor a pre- 
determined time period prior to stroboscopically 
illuminating a predictable asynchronous event and 
delaying image acquisition for a predetermined 
time period after the initiation of the stroboscopic 
illumination. 

It is yet another object of the invention to 
provide a novel and reliable method and apparatus 
for synchronizing a CCD camera with a multi-color 
web printing apparatus to acquire video image data 
of registration marks which are stroboscopically 
illuminated. 

The solution of the above problems is claimed 
in claims 1 (apparatus) and 15(method). Briefly, ac- 
cording to the invention, apparatus is provided for 
synchronizing a high intensity short duration illu- 
mination of a substantially predictable asynchro- 
nous event with image acquisition by a video cam- 
era having an image sensor and a synchronization 
generator circuit which generates periodic scan 
pulses which trigger an image acquisition scan of 
the image sensor. The apparatus comprises means 
for disabling the periodic scan pulses of the syn- 
chronization generator circuits and means for gen- 
erating a prefresh pulse for triggering an image 
acquisition scan of the image sensor a first pre- 
determined time period prior to the predictable 
event. In addition, means are provided for trigger- 
ing an image acquisition scan of the image sensor 
subsequent to the first predetermined time period. 

The invention, together with further objects and 
advantages thereof, may be understood by refer- 
ence to the following description taken in conjunc- 
tion with the accompanying drawings. 

FIG. 1A is a generalized block diagram illustrat- 
ing a specific embodiment of apparatus for syn- 
chronized stroboscopic image acquisition of a dy- 
namic asynchronous event according to the inven- 
tion. 

FIG. 1B is a generalized timing diagram illus- 
trating a specific embodiment of the timing char- 
acteristics of the system illustrated in FIG. 1a. 

FIG. 2A is a pictorial view illustrating a specific 
embodiment of web processing apparatus accord- 
ing to the invention. 

FIG. 2B is a diagrammatic side view illustrating 
the specific embodiment of the web processing 
apparatus shown in FIG. 2A. 



FIG. 3 is a block diagram illustrating a specific 
embodiment of automatic color to color register 
control apparatus for a multi-color web printing 
apparatus in accordance with to the invention. 
5 FIG. 4 is a detailed block diagram illustrating a 

specific embodiment of the imaging head control 
circuitry illustrated in FIG. 3. 

FIG. 5 is a detailed block diagram illustrating a 
specific embodiment of the strobe controller illus- 
10 trated in FIG. 3. 

FIG. 6 is a timing diagram illustrating the timing 
and waveforms associated with the circuitry of 
FIGS. 3-5. 

FIG. 7 is a detailed circuit diagram illustrating a 
15 specific embodiment of the camera synchronization 
circuit illustrated in FIG. 4. 

FIG. 8 is a detailed circuit diagram of a color 
burst generator suitable for use in conjunction with 
the invention. 

20 FIG. 1A is a generalized block diagram illustrat- 

ing a specific embodiment of apparatus 10 for 
synchronized stroboscopic inspection of a predict- 
able dynamic asynchronous event by a video cam- 
era 16 according to the invention. In the apparatus 

25 10, a high intensity, short duration illuminator 12 
(e.g., a conventional strobe light, a pulsed laser, 
etc.) is utilized to illuminate a dynamic scene 14 in 
order to stop the motion of the scene to permit 
inspection of a substantially predictable specific 

30 event by the image acquisition camera 16. The 
illumination does not have to be visible light, for 
example, infra-red light can be effectively used in 
conjunction with a CCD video camera. 

An event which is substantially predictable may 

35 be an event which repeates periodically or can be 
expected to appear within the image field of the 
camera often enough to be useful, for the desired 
application. Thus, an event is predictable if the 
event is present for a length of time (a time win- 

40 dow) and the occurrence of the time window can 
be predicted accurately enough to ensure that the 
scene is present within the field of view of the 
camera often enough to be adequate for the de- 
sired application. 

45 For example, the scene may be a moving web 

within a multi-color web printing press and the 
event of interest may be the movement of a reg- 
istration mark, indicia, or some desired portion of 
the the printed pattern (i.e., a portion of the web 

so signature) printed on the web to a position within 
the image field of the image acquisition camera 16. 
Since the web printing apparatus utilizes a known 
repeat length, it can be predicted that the registra- 
tion mark will return periodically to approximately 

55 the same location with an accuracy such that it will 
fall within the area viewed by the camera periodi- 
cally with the period determined by the repeat 
length cycle time of the web printing apparatus. 
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As shown in the illustrat d embodiment in FIG. 
1, the dynamic scene 14 may be monitored, for 
example, by a position encoder (not shown) to 
provide a feedback signal 18 which is coupled to 
system logic circuitry 20 or to a strobe control 
circuit 22. This feedback signal 18 can be utilized 
in the prediction of the desired event. For example, 
in web printing apparatus, a position encoder is 
typically provided which indicates the start of each 
repeat length. This signal, together with the posi- 
tion of the registration mark relative to the begin- 
ning of the repeat length cycle can be utilized to 
predict a time when the mark will be within the 
camera image field. The strobe control 22, under 
control of the system logic 20, then can fire the 
illuminator 18 (e.g., a conventional strobe light in 
the illustrated embodiment) so as to stop the mo- 
tion of the web at the predicted time when the 
registration mark is within view of the camera 16. 

In the illustrated embodiment, the camera 16 is 
a VW-CD120 color CDD TV camera marketed by 
Panasonic. Such cameras are highly reliable and 
inexpensive consumer color cameras with free run- 
ning internal synchronization generator circuitry to 
generate all necessary control and synchronization 
signals to control an image sensor array including 
the charge coupled devices (CCD). Thus, it is high- 
ly suitable for image acquisition in the apparatus 
10. However, the image sensors of such cameras 
function very dynamically. Consequently, continu- 
ous cycles of stripping of charge levels accumu- 
lated during the previous field of image acquisition 
and a pre-charging of the CCD devices prior to a 
normal image acquisition scan of the sensor array 
are required to avoid distorted image output. Thus, 
the camera cannot merely wait for the asynchro- 
nous event in scene 14 and then do an image 
acquisition scan of the image sensor array when 
the strobe 1 2 is fired. 

Therefore, a synchronization control circuit 24 
keeps the camera prepared for image acquisition 
by continually generating refresh pulses and cou- 
pling the pulses to the camera 16 via a conductor 
26. as shown. These refresh pulses trigger periodic 
strip and pre-charge cycles producing a periodic 
image acquisition scan (i.e., the vertical scan of the 
image sensor associated with generation of a field 
of video) cycle of the camera 16 image sensor. 
These refresh pulses must occur frequently enough 
to maintain the necessary dynamic characteristics 
of the camera (determined by the camera design) 
but the period may be longer than the normal 
vertical scan period (i.e., 16.6 milliseconds (ms) in 
the NTSC standard). Thus, the synchronization 
control circuit 24 may use the camera's normal 
vertical scan signals to generate the refresh pulses 
with a standard vertical scan period or may gen- 
erate a signal independent of the normal vertical 



scan signals. 

The synchronization control circuit 24 also gen- 
erates a preconditioning (i.e., prefresh) pulse (at ti 
of FIG 1B) a predetermined time period (Tt) prior 

5 to the predictable time (to) of the event of interest 
to trigger an image acquisition scan (i.e., vertical 
field scan) cycle which clears the array of any prior 
charge. After this preconditioning scan, the camera 
is essentially held in a holding pattern with the 

70 normal vertical scan signals disabled and the im- 
age sensor ready to be scanned for actual image 
acquisition. The predetermined time period Ti 
should be at least one vertical scan period long in 
order to allow a complete vertical scan of the 

75 camera's image sensor in the illuminated embodi- 
ment. However, Ti need only be at least long 
enough to allow vertical scan of a portion of the 
image sensor large enough to permit image data 
acquisition of a desired image. In some applica- 

20 tions, the desired image may cover only part of the 
image sensor array. Thus, only that desired part of 
the image sensor need be scanned and conse- 
quently the period Ti can be correspondingly shor- 
ter. However, if the desired image may not be 

25 reliably located in only a portion of the image 
sensor, then Ti should correspond to a full vertical 
scan. 

A predetermined time period (Ti) after the im- 
age acquisition scan is triggered by the prefresh 

30 pulse (at ti) the strobe 22 is fired (at to) in re- 
sponse to a control signal coupled from the strobe 
control circuit 22 to the strobe 12. The time Ti may 
be made a precision time period (e.g., in the illus- 
trated embodiment Ti is 20 ms plus or minus 10 

35 microseconds). Thus, the invention is suitable for 
image acquisition of high speed, short duration 
events requiring precision timing of the strobe and 
camera to capture an image of the event. 

Subsequently, the synchronization control 24 

40 couples a control signal (at k) to the camera 16 to 
trigger the actual image actual acquisition scan at a 
predetermined time period (T 2 ) after the strobe is 
fired. This second predetermined time period (T2) 
prevents the electromagnetic interference from the 

45 strobe 12 from destroying image data during the 
image acquisition scan. The second predetermined 
time period should be long enough (e.g., 0.5 ms in 
the illustrated embodiment) to permit the interfer- 
ence to decay to a level sufficiently reduced to 

50 allow reliable image acquisition. This time period 
will therefore be dependent upon such factors as 
the proximity of the camera and strobe circuitry, 
degree of noise immunity designed into the cir- 
cuits, etc. 

55 The image data obtained during the image 

acquisition scan of the image sensor initiated at 
time t2 is coupled from the camera 16 to the 
system logic 20, as shown, for storage in a mem- 



4 



7 



EP 0 260 049 B1 



8 



ory 21 and for processing. For example, in the web 
printing press, the image is processed to determine 
the relative position of the different color registra- 
tion marks and to generate control signals on an 
output bus 28 to control registration. 

During an additional predetermined time period 
(Ta) the high voltage charging circuits of the strobe 
control circuits 22 may be disabled so that the 
strobe firing circuitry is not recharged in prepara- 
tion for the next firing of the strobe 22. This disable 
period is useful when the charging circuits are in 
close proximity to the camera to prevent the charg- 
ing process from interfering with the image acquisi- 
tion and destroying image data. This time period 
should be long enough to either allow completion 
of a complete vertical scan of the sensor (i.e., at 
least 16.6 ms in the illustrated embodiment), or at 
least to allow the vertical scanning of a desired 
portion of the sensor array. After this final predeter- 
mined period (T 3 ), a signal is generated (at ta) by 
the strobe control circuitry 22 enabling the charg- 
ing of the high voltage circuit strobe control cir- 
cuitry 22. 

Referring now to Figures 2-8, there is illus- 
trated a specific embodiment of the invention uti- 
lized within an automatic color to color registration 
system for a multi-color web printing apparatus 
110. In FIG. 2A there is shown a pictorial view 
illustrating a portion of the web printing apparatus 
110 with portions removed. A moving web 114 
(shown to be substantially transparent to reveal 
associated rollers and the like) is positioned over 
rollers 53, 54 to facilitate movement of the web 
through the apparatus 110. Two image acquisition 
cameras 116, 116' (e.g., a model WV-CD120 color 
CCD TV camera by Panasonic) are provided to 
permit inspection of both sides of the printed web 
114 together with associated strobe lights 112, 112' 
(e.g., a model FX-199 strobe marketed by EGG 
Optics) to provide stroboscopic illumination. The 
cameras 116, 116' are mounted, as shown, on 
supporting tracks -58, 58' which include positioning 
belts 60, 60' capable of moving the cameras 116, 
116' to any desired position along the tracks 58, 
58'. The belts 60, 60' are driven by conventional 
stepper motors 62 (only one shown), which are 
controlled by an image processor 130 (see FIG. 3) 
contained within the control circuitry enclosure 64, 
thereby enabling the processor 130 to control posi- 
tioning of the cameras 116, 116'. FIG. 2B illustrates 
in a diagrammatic form the path of the web 114 
and location of the cameras 116, 116' and strobe 
112,112'. 

In operation, the cameras 116, 116' and the 
strobes 112, 112', under control of the control 
circuitry shown in FIG. 3, stroboscopically acquire 
an image of a region 1 1 5 (approximately .2 inch by 
.2 inch in the illustrated embodiment) on the sur- 



face of the web which is the field of the view (i.e., 
image field) of the camera 116 and within the 
registration mark (not shown) is located at the time 
the strobe is fired. The image data generated by 

5 the camera in acquiring the image is coupled to the 
control circuitry within the enclosure 64 which ana- 
lyzes the image data to extract registration informa- 
tion. This information is used to control registration 
correction motors 140 (see FIG. 3) to maintain 

io color to color registration. 

The block diagram of FIG. 3 illustrates a spe- 
cific embodiment of system circuitry 210 for the 
color to color registration system of the multi-color 
web printing apparatus 110 of FIG. 2 according to 

75 the invention. The system acquires a video image 
of registration marks (not shown) printed on the 
moving web 114. Although in the illustrated em- 
bodiment the registration marks consist of a pattern 
of four pairs of dots (one for each of three colors 

20 and black), numerous suitable registration marks 
would be apparent to those skilled in the art. Reg- 
istration is maintained by acquisition and process- 
ing of an image of the printed registration mark by 
the imaging circuit 220 to determine the shift in the 

25 position of the dot pairs relative to each other. This 
information is then utilized by the control circuitry 
230 to generate control signals to adjust the web 
position via correction motors 140. 

The registration control circuitry 210 may in- 

30 elude additional imaging circuits 220' to permit use 
of multiple cameras (e.g., one for each side of the 
web as shown in FIG. 2) with one control circuit 
230. The imaging circuit 220 is coupled to a stan- 
dard bus 222 through a dual port random access 

35 memory (e.g., comprising Hitachi HM6116's) which 
serves as a communications memory 224, as 
shown. Each additional imaging circuit 220' is 
coupled to the bus 222 through its own commu- 
nications memory and bus as illustrated by the 

40 communications memory 224' and the bus 222'. 
Each imaging circuit 220, 220' also comprises a 
frame store circuit 228, 228' which is coupled to a 
frame store bus 226, as shown. The associated 
circuitry for each imaging circuit is identical to that 

45 of the image circuit 220. Therefore, the additional 
circuitry is not shown in detail and the description 
of the imaging circuit 220 is applicable to any 
additional imaging circuits 220'. 

The imaging circujt 220 is coupled to the con- 
so trol circuit 230 via the bus 222 through a commu- 
nications memory 232 which serves as a memory 
buffer for transfer of data to and from the imaging 
circuit communications memory 224. Thus, the 
communications memory circuits 224, 232 serve as 

55 interface buffers between the control circuit bus 
240 and the imaging circuit bus 250. 

The control circuit bus 240 may be a standard 
bus (e.g., in the illustrated embodiment a STD BUS 
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as marketed by Pro-Log Corp.) for coupling a con- 
trol processor 242 (e.g., in the illustrated embodi- 
ment a 7804A-0 processor card as marketed by 
Pro-Log Corp.) to peripheral circuits. A memory 
244 coupled to the bus 240 provides memory (both 
random access memory such as M5M5128 by OKI 
and read-only memory such as AMD2764 by Ad- 
vanced Micro Devices) to provide program and 
data storage while an input interface 246 provides 
for input of additional data input to the processor 
242 via the bus 240, as shown. A conventional 
optically coupled output driver 248 (e.g., a 065A 
optically coupled triac marketed by Opto-22) cou- 
ples control signals generated by the processor 
242 from the bus 240 to the correction motors 140 
to control the correction motors and thereby control 
registration. 

Also coupled to the bus 240 is a conventional 
console interface 252 which provides an interface 
between the bus 240 and a console keyboard 254, 
as well as a console monitor 256, as shown. This 
interface permits operator input (e.g., such as input 
of registration mark coordinates) to the system 
circuitry 210 via the keyboard 254 and permits the 
operator to monitor the system operation. In addi- 
tion, the console interface 252 couples video image 
data stored in the frame store memory 228 to the 
monitor 256 via the bus 226, as shown, thereby 
permitting the operator to view the acquired images 
of registration marks on the monitor 256. 

The frame store memory 228 is also coupled 
to the bus 250 of the imaging circuit 220, as 
shown. The bus 250 is a standard bus (e.g., in the 
illustrated embodiment a STD BUS as marketed by 
Pro- Log Corp.) for coupling the image processor 
card marketed by Pro- Log Corp.) to peripheral cir- 
cuits. A memory 262 is coupled to the bus 250 to 
provide program and data memory for the image 
processor 130, and control signals generated by 
the processor 130 are coupled from the bus 250 to 
a stepper motor controller and driver 264, as 
shown. The stepper motor controller 264 drives the 
stepper motor 62 which positions the camera 116 
and strobe 112 over the web as previously de- 
scribed with reference to FIG. 2. 

The video camera 1 1 6 and the strobe light 1 1 2 
together with a strobe charge and fire circuit 266 
and a camera synchronization circuit 268 (illus- 
trated in greater detail in FIG. 4), configured as 
shown, form an imaging head 260. The imaging 
head 260 communicates with the processor 130 
and the frame store 228 via a strobe control circuit 
270 (shown in greater detail in FIG. 5) and a 
conventional NTSC to cyan, magenta and yellow 
decoder 272. The strobe control circuit 270 and the 
NTSC decoder 272 are coupled to the processor 
through the bus 250 as shown. Also coupled to the 
strobe control circuit 270 is a position encoder 274. 



In operation, the camera synchronization circuit 
268 generates periodic scan (i.e., refresh) pulses 
(one every 20 milliseconds in the illustrated em- 
bodiment as illustrated by pulses 508 of waveform 
5 H of FIG. 6) which cause the optical sensor of the 
camera 116 to be periodically stripped and pre- 
charged in an image acquisition scan cycle (i.e., a 
complete vertical field scan of the sensor). These 
pulses maintain the required charge and strip dy- 

10 namic conditions necessary for proper operation of 
the camera's image sensor. A predetermined time 
(20 milliseconds in the illustrated embodiment) be- 
fore the registration mark is expected to be directly 
within the image field of the camera 116, the strobe 

75 controller 270 under control of the image processor 
130 generates a trigger pulse (illustrated as pulse 
510 of waveform A in FIG. 6). This trigger pulse is 
coupled to the camera synchronization control cir- 
cuit 268 via a conductor 276, as shown. The trigger 

20 pulse 510 disables the scan pulses (i.e., the refresh 
pulses) generation and immediately triggers a new 
image acquisition scan pulse (a prefresh pulse). 
This prefresh scan pulse causes the camera to go 
through a normal image acquisition scan cycle (i.e., 

25 verticaJ field scan of the image sensor) which sets 
up the sensor (for acquisition of the desired image) 
during the predetermined time period prior to firing 
the strobe 112. If the registration mark recurs with 
a period sufficiently short (e.g., approaching two 

30 times the predetermined time period or less) then 
the refresh pulses will be continuously disabled 
and only prefresh pulses will be generated prior to 
actual image data acquisition. 

At the end of the predetermined time period 

35 (i.e., 20 ms in the illustrated embodiment), a sec- 
ond trigger pulse (pulse 51 2 of waveform B shown 
in FIG. 6) is generated by the strobe controller 270 
which is coupled to the strobe charge and fire 
circuit 266 via a conductor 278, as shown. This 

40 pulse triggers the firing of the strobe 112 to illu- 
minate the surface of the moving web 114 when 
the registration mark thereon is within the field of 
the camera 116. A predetermined time (approxi- 
mately .5 milliseconds in the illustrated embodi- 

45 ment) after the firing of the strobe another scan 
pulse (strip pulse 292 of waveform H shown in FIG. 
6) is generated which triggers the camera to do an 
image acquisition scan of the image sensor. The 
video image data (in standard NTSC format) output 

so from the camera 116 as a result of this image 
acquisition scan is coupled to the NTSC decoder 
272 via a conductor 277 in FIG. 3, as shown. 

The video image data, which represents the 
web surface where the registration mark is located, 

55 is decoded into pixels of cyan, magenta and yellow 
by the NTSC decoder. The decoded data is stored 
in the frame store memory 228 which in the illus- 
trated embodiment may be composed of one 256 
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by 256 bit digital memory for each color. The 
frame store memory 228 is triggered to store the 
image data by a third pulse from the strobe con- 
troller 270 coupled to the frame store 228 via a 
conductor 282, as shown. 

While the image acquisition scan of the reg- 
istration mark is occurring, the strobe charge circuit 
302 (shown in FIG. 4) is held in a disabled state by 
the pulse from the strobe controller 270 on the 
conductor 278 (see the waveform B in FIG. 6) until 
after the image acquisition scan is completed. This 
prevents any interference from being generated by 
the charging circuits 302 which can destroy image 
data during the image acquisition cycle. 

The operation of the strobe controller 270 may 
be more fully understood by reference to FIG. 5 
which illustrates a specific embodiment of the 
strobe controller 270. The controller 270 comprises 
a counter-timer circuit (CTC) 280 (e.g., utilizing an 
Intel 8253 CTC) coupled to a counter 282 (e.g., 
HC404D by National), a set of monostable mul- 
tivibrators 284, 286 (e.g., Texas Instrument L5221), 
and a 100 kHz clock circuit 288 (e.g., a STU DS- 
3C04A with divide by 10), configured as shown. In 
operation, an encoder index signal coupled from 
the encoder 274 triggers the counter-timer circuit 
280 to begin counting down from a value loaded 
into a counter-timer circuit 280 by the processor 
130 from the standard bus 250 via a bus 271, as 
shown. This value is based on operator supplied 
data about the location of the marks (i.e., registra- 
tion mark coordinates) relative to the beginning of 
the web printing apparatus repeat length cycle. 
Thus, counting down from the appropriate number 
starting from the index pulse, which marks the 
beginning of the repeat length cycle, produces a 
timing pulse at the output 281 of the counter-timer 
circuit 280 a predetermined time prior to the mo- 
ment when the registration mark is directly within 
the camera image field-of-view (i.e., a predeter- 
mined time prior to the desired time to fire the 
strobe). 

The timing pulse from the counter-timer circuit 
280 is coupled, as shown, to the input of the preset 
counter 282 (i.e., functioning as a precision timing 
circuit) which produces the precision pulse shown 
(also shown by the waveform A in FIG. 6) on the 
output line 276, which in the illustrated embodiment 
is a 20 millisecond wide pulse. The pulse is pro- 
duced by counting down the preset counter 282 
based on the crystal controlled oscillator pulses 
which in the illustrated embodiment are generated 
every 10 microseconds (i.e., 100 kHz). This pro- 
vides high precision timing of the strobe (i.e., plus 
or minus 10 microseconds; greater precision can 
be obtained using a high frequency clock) since 
the strobe is essentially triggered by the trailing 
edge of the output of the timer 282. 



This pulse is also coupled to the input of the 
monostable multivibrator 284 which triggers gen- 
eration of a second pulse (see the waveform B of 
FIG. 6, again a 20 millisecond pulse wide in the 
5 illustrated embodiment) on the output line 278. 
Finally, this pulse is coupled to the trigger output of 
the monostable multivibrator 286 which triggers 
generation on the output line 279 of a pulse, as 
shown, 0.7 milliseconds after the beginning of the 

10 pulse on the output line 278. These three output 
pulses are connected as shown in FIG. 3 as pre- 
viously described. 

As illustrated in FIG. 6, the leading edge of the 
pulse 510 of the waveform A on the output line 276 

75 triggers the generation of the prefresh pulse 290 
(see waveform H, FIG. 6). The leading edge of the 
pulse 512 of the waveform B triggers the firing of 
the strobe 112 and the beginning of the delay 
period (Le., triggers the generation of a 0.5 ms 

20 delay pulse 506 of the waveform G) prior to the 
generation of the strip pulse 292 which starts the 
actual image acquisition scan. The leading edge of 
the pulse on the output line 282 starts the storage 
of image data by the frame store 0.7 millisecond 

25 after the strobe is fired and therefore 0.2 millisec- 
ond after the camera has begun the data acquisi- 
tion scan cycle. This time delay prevents the stor- 
age of meaningless data by the frame store 228 at 
the beginning of the data acquisition scan in the 

30 illustrated embodiment. 

Referring now to FIG. 4, there is shown a detail 
block diagram of a specific embodiment of the 
strobe charge and fire circuit 266 and the camera 
synchronization control circuit 268 shown in FIG. 3. 

35 The strobe charge and fire circuit 266 comprises a 
high voltage circuit 302 and a triggering mon- 
ostable multivibrator 304. The high voltage circuit 
302 includes a conventional oscillator and induction 
high voltage circuit 306 coupled, as shown, to a 

40 high voltage capacitor bank 308. In operation, when 
the input conductor 278 is held low the oscillator 
circuit 306 is disabled thereby preventing charging 
of the capacitors 308. When the input conductor 
278 is held high, the oscillator 306 is enabled and 

45 generates a high voltage which charges the capaci- 
tors 308. The charged capacitors 308 are coupled, 
as shown, to the strobe light 112. 

The input conductor 278 is also coupled, as 
shown, to the trigger input of the monostable mul- 

50 tivibrator 278. A negative edge of the signal on the 
input conductor 278 triggers the monostable mul- 
tivibrator 304 to generate a pulse on its output 309. 
This pulse is coupled to the trigger input 1 1 1 of the 
strobe light 112 and causes the strobe to fire by 

55 discharging the high voltage capacitor 308 through 
the strobe lamp 112. Thus, the strobe light 112 is 
fired by the leading edge of the waveform on the 
conductor 278 (the waveform B shown in FIG. 6). 
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Further, recharging of the high voltage circuit 302 
is disabled after firing for the duration of the pulse 
(20 milliseconds in the illustrated embodiment) 
after which recharging is enabled. 

The camera synchronization control circuit 268 
provides control signals to the camera 116 in re- 
sponse to the input pulse (waveform A) coupled to 
he input conductor 276. The circuit of FIG. 4 is a 
specific embodiment for use with the Panasonic 
CCD color TV camera, model VW-CD120. This 
camera includes an internal synchronization gen- 
eration circuit which generates the various timing 
control signals (i.e., vertical sync, horizontal sync, 
color burst, etc.) needed for conventional NTSC 
video and for proper strip, pre-charge and scanning 
of the camera's CCD image sensing device. 

For the illustrated embodiment of the invention, 
certain signals of the internal circuit are disabled 
and replaced by signals generated by the camera 
synchronization control circuit 268. In the illustrated 
embodiment, the output 310 of the camera syn- 
chronization control circuit 268 generates scan trig- 
gering pulses (i.e., refresh pulses) which trigger the 
vertical field scan cycle of the CCD image sensor 
of the camera. In the VW-CD120 camera, the nor- 
mal vertical scan starting signal is a continuous 
periodic train of scan pulses (one approximately 
ever 1 6.6 ms for each field scan), referred to as V s 
and generated by an MP7260A integrated circuit 
available from Panasonic. This V s signal is gen- 
erated and output at pin 18 of the MP7260A and 
connected to pin 1 (the V p input) of a 
MN50015XPD integrated circuit. The MN50015XPD 
integrated circuit is a drive pulse generator circuit 
available from Panasonic which generates the sig- 
nals required for driving the CCD image sensor of 
the WV-CD120 camera. In the illustrated embodi- 
ment, the V s signal is disabled by disconnection 
and is replaced by the signal from the output 310 
(waveform A to FIG. 6) of the camera synchroniza- 
tion control circuit 268. Thus, pin 18 of the 
MP7260A integrated circuit is disconnected from 
pin 1 of the MN50015XPD integrated circuit and 
the output 310 is connected to pin 1 of the 
MN50015XPD integrated circuit. 

Another signal generated by the camera syn- 
chronization control circuitry 268 is the blanking 
signal generated on the output conductor 312. 
Composite blanking signals are generated at pin 7 
of the MP7260A circuit which are replaced by the 
blanking signals generated by the camera synchro- 
nization control circuit 268 at the blanking signal 
output 312. Thus, the pin 7 of the MP7260A in- 
tegrated circuit is disconnected in the illustrated 
embodiment and the replacement blanking signals 
are coupled thereto. 

Also, in the illustrated embodiment, the internal 
circuits of the WV-CD120 camera disable the color 



burst subcarrier during vertical blanking. Since the 
camera is operated asynchronously according to 
the invention, the color burst will sometimes not be 
available. Therefore, to obtain the desired consis- 
5 tent color burst signal, the color burst generator of 
the the MP7260A integrated circuit is disabled by 
disconnecting pin 20 and the output 404 of a color 
burst generator 400 shown in FIG. 8 (to be de- 
scribed in greater detail hereinafter) is connected 

10 to replace the disabled signal. To properly syn- 
chronize the color burst signal generated, the 
MFSYNC signal from the pin 16 of the MP7260A 
integrated circuit is coupled to the input 402 of the 
color burst generator circuit 400. In addition, the 

75 necessary 3.58 mHz signal is supplied by the SCI 
output from pin 24 of the MP7260A integrated 
circuit which is coupled to the input 406 of the 
color burst generator circuit 400 while the CSYNC 
output on pin 14 is disconnected and connected to 

20 pin 16. 

The scan and blanking signals generated by 
the synchronization control circuit 286 must also be 
properly synchronized with those of the internal 
synchronization circuits of the camera. Thus, the 

25 wide horizontal drive pulse (WHD, a horizontal scan 
pulse) from the pin 15 of the MP7260A integrated 
circuit is coupled to the input 314 of the camera 
synchronization control circuit 286 to provide a 
signal for synchronizing to the internal signal of the 

30 VW-CD120 camera. 

The specific embodiment of the camera syn- 
chronization control circuit 268 illustrated in FIG. 4 
is shown in detail in FIG. 7. FIG. 7 shows the 
corresponding circuit blocks with dotted lines and 

35 reference numerals corresponding to those of FIG. 
4. A trigger signal (the waveform A in FIG. 6) is 
coupled to the input of the camera synchronization 
control circuit 268 via the input conductor 276. This 
trigger signal is coupled through the opto-coupler 

40 320 which may be implemented using a Motorola 
4N26 opto-coupler in conjunction with optional fil- 
tering, NAND gate (e.g., a Motorola CMOS 4093), 
and drive transistor inverter configured as shown 
within block 320 of FIG. 7. This coupling circuit 320 

45 inverts the input waveform producing the inverted 
signal illustrated as the waveform C of FIG. 6. The 
inverted output of opto-coupler 320 is coupled to 
the enable input of an astable multivibrator 322, 
and to the trigger input of a monostable mul- 

50 tivibrator 324 and a second monostable multivibra- 
tor 326, as shown. 

The astable multivibrator 322 produces peri- 
odic output pulses continuously (such as shown in 
waveform F of FIG. 6 as the first two pulses 504) 

55 when enabled by a high level coupled to the en- 
able (E) input. Thus, the astable multivibrator 322 
produces periodic pulses until it is disabled by a 
low level at the enable input which occurs, in the 
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illustrated embodiment, 20 milliseconds prior to the 
firing of the strobe (i.e., at the positive edge of 
waveform A). The output then stays high, as seen 
in waveform F of FIG. 6, until a predetermined time 
(approximately .75 milliseconds in the illustrated 
embodiment) after the strobe is fired at which time 
the astable multivibrator returns to its free running 
state. The output of the astable multivibrator 322 
thus provides the basis for the continuous refresh 
pulses 508, and for a signal for producing an 
enable window pulse 502 to enable the monostable 
multivibrator 330. The astable multivibrator 322 
may be implemented as shown in FIG. 7 utilizing a 
conventional 555 timer and a conventional NAND 
gate with capacitor hysteresis on one input, config- 
ured as shown. As a result of the hysteresis input 
to the NAND gate, the waveforms D and E shown 
in FIG. 6 are generated as indicated in FIG. 7 with 
the waveform F produced at the output. 

The monostable multivibrator 324 produces a 
0.5 milliseconds delay pulse (i.e., pulse 506 of the 
waveform G of FIG. 6) in response to the trailing 
edge of the pulse of waveform C, which corre- 
sponds to the firing of the strobe. Thus, the mon- 
ostable multivibrator 324 generates a predeter- 
mined delay of 0.5 milliseconds which is used to 
produce the desired delay in generation of the strip 
pulse (i.e., pulse 292 of the waveform H shown in 
FIG. 6). The output of the astable multivibrator 322 
and the monostable multivibrator 324 are used to 
trigger a monostable multivibrator 330 as shown. 
This generates 0.25 millisecond pulses on the out- 
put of the monostable multivibrator 380 when the 
input is triggered by a positive edge, thereby pro- 
ducing the waveform H shown in FIG. 6. Thus, the 
input from the astable multivibrator 322 produces 
the refresh pulses 508 and the prefresh pulse 290 
while the delay pulse 506 produces the delayed 
strip and scan pulse 292 with each pulse 0.25 
milliseconds wide. This circuit may be implement- 
ed as shown in FIG. 7 utilizing a dual input mon- 
ostable multivibrator (e.g., a high speed CMOS 221 
series multivibrator marketed by National) config- 
ured as shown in block 330. 

Resulting output signals from the monostable 
multivibrator 330 (i.e., waveform H of FIG. 6) is 
essentially the scan triggering output signal (used 
to substitute for the V s signal generated by the 
MP7260A integrated circuit) except that it must be 
synchronized with the signals existing within the 
camera internal circuitry. Thus, the signal is cloc- 
ked through a synchronizing flip-flop 334 (e.g., a 
Motorola CMOS 4013) which inverts the signal, 
thereby producing the V s output waveform shown 
as the waveform J in FIG. 6. The synchronization is 
provided by using the WHD signal (shown as the 
waveform I in FIG. 6), the negative edge of which is 
the beginning of the horizontal blanking period. 



This signal from the camera's internal synchroniza- 
tion circuitry is applied to the input 31 4, as shown, 
and coupled through an inverter 335 to the trigger 
input of a delay monostable multivibrator 332. The 

5 monostable multivibrator 332 delays the WHD sig- 
nal by 7.7 microseconds and couples the resulting 
signal to the clock input of the synchronizing flip- 
flop 334. This results in synchronization of the V s 
signal to the middle of the horizontal blanking pe- 

io riod. One implementation of this synchronization 
circuit is shown in FIG. 7, utilizing a Motorola 
CMOS 4013 flip-flop configured together with a 
NOR gate which inverts the output and serves as a 
buffer. 

15 The input signal coupled through the opto- 

coupler 320 is also coupled through the trigger 
input of the monostable multivibrator 326. The 
monostable multivibrator 326 generates a 1720 
microsecond blanking pulse (waveform K shown in 

20 FIG. 6) in response to the trailing edge of the 
trigger signal (waveform C shown in FIG. 6). This 
blanking pulse generator may be implemented as 
shown in FIG. 7 utilizing, for example, a National 
CMOS 221 multivibrator. The output blanking pulse 

25 from the monostable multivibrator 326 is coupled to 
the input of a synchronizing D flip-flop 336, as 
shown. The synchronizing circuit 336 is clocked by 
the delayed WHD signal from the monostable mul- 
tivibrator 332 thereby generating an output blanking 

30 pulse synchronized to the center of the horizontal 
blanking period. A specific embodiment of the 
blanking synchronzing circuit 336 (e.g., a Motorola 
CMOS 4013) is illustrated in detail in FIG. 7. 

The synchronized blanking pulse generated by 

35 the synchronizing circuit 336 is coupled, as shown, 
to the input of a NAND gate (e.g., Motorola CMOS 
4093) 338. The WHD signal from the internal cir- 
cuits of the camera 116 is coupled directly to the 
second input of the logic gate 338, as shown. The 

40 resulting output signal from the logic gate 338 on 
the output 318 is a delayed WHD signal which is 
blanked for the blanking period generated by the 
blanking monostable multivibrator 326 (illustrated 
as waveform L in FIG. 6). This blanking output 

45 signal is coupled by the output conductor 312 to 
the CCD camera 116 to provide blanking signals to 
the camera and to blank the camera output during 
the first 1720 microseconds of the image acquisi- 
tion scan. 

so Referring now to FIG. 8, there is illustrated a 

specific circuit 400 for generating the substitute 
color burst subcarrier signal for the WV-CD120 
video camera. The MFSYNC signal from pin 16 of 
the MP7260A integrated circuit is coupled to the 

55 input 402 of a monostable multivibrator 410 (e.g., a 
Signetics HCT123). The monostable multivibrator 
410 produces a pulse delayed by 100 
nanoseconds. The delayed pulse is coupled to a 
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second monostable multivibrator 420 (e.g., a Sig- 
netics HCT123) via a conductor 412, as shown. 
The delayed pulse triggers an enable pulse on an 
output conductor 422 of the monostable multivibra- 
tor 420 which is coupled to the input of a NOR 5 
gate 430 (e.g., a Signetics HCT02). A second input 
to the NOR gate 430 is coupled to the SCI output 
(pin 24 of the MP7260A integrated circuit) of the 
camera's internal synchronization circuit which pro- 
vides a source of 3.58 mHz signal. Thus, the en- io 
able pulse enables the gate 430 for a period suffi- 
cient to produce approximately 8 cycles of color 
burst signal on its output line 404 at the proper 
time during the horizontal blanking period. The 
output 404 is coupled to the color burst line within 75 
the CCD camera in the illustrated embodiment by 
disconnecting the SC burst conductor from pin 20 
of the MP7260A integrated circuit and connecting 
the output 404 to the disconnected conductor. 
Thus, the color burst circuit 400 provides a color 20 
burst signal with the proper timing on a continuous 
basis to replace the interrupted color burst signal 
from the MP7260A integrated circuit. 

Specific embodiments of the method and ap- 
paratus for synchronized image acquisition by a 25 
video camera of a predictable asynchronous event 
illuminated with a high intensity short duration illu- 
mination in real time has been described for pur- 
poses of illustrating the manner in which the inven- 
tion may be made and used. 30 

Claims 

1. Apparatus for synchronizing high intensity 

short duration illumination of a substantially 35 
predictable asynchronous event in real time 
with image acquisition by a video camera 
(16,116) having a CCD image sensor and a 
synchronization generator circuit which gen- 
erates periodic scan pulses which trigger an 40 
image acquisition scan of the image sensor, 
comprising: 

means (304) for selectively disabling the 
periodic scan pulses and for generating a 
p refresh scan pulse (290) for triggering a first 45 
image acquisition scan of the image sensor a 
first predetermined time period prior to the 
substantially predictable event thereby precon- 
ditioning the image sensor and disabling image 
acquisition scan until occurrence of the sub- 50 
stantially predictable event; 

means (304) for triggering high intensity 
short duration illumination of the substantially 
predictable event; and 

means (268,270) for triggering a second 55 
image acquisition scan of the image sensor 
subsequent to the first predetermined time pe- 
riod to generate image data corresponding to 



the substantially predictable event. 

2. Apparatus as claimed in claim 1 , further com- 
prising refresh means (322,330) for generating 
periodic refresh pulses (508), and means for 
disabling the scan pulses generated by the 
synchronization generator circuit of the video 
camera (16,116) and substituting the refresh 
pulses such that the refresh pulses are utilized 
as the periodic scan pulses. 

3. Apparatus as claimed in claim 2, wherein the 
periodic refresh pulses (508) have a period at 
least as long as the periodic scan pulses. 

4. Apparatus as claimed in any preceding claim 
further comprising means (324) for disabling 
the means (268,270) for triggering the second 
image acquisition scan for a second predeter- 
mined time period after triggering of the high 
intensity short duration illumination. 

5. Apparatus as claimed in any preceding claim, 
wherein the substantially predictable event is 
substantially predictable within a time window 
of known duration. 

6. Apparatus as claimed in claim 5, wherein the 
substantially predictable event is movement to 
a location detectable by the video camera 
(16,116) of a portion of a printed pattern on a 
moving web (114) within a web printing ap- 
paratus having a known repeat length. 

7. Apparatus as claimed in claim 6, wherein the 
desired portion of the printed pattern on the 
web (114) is a registration mark. 

8. Apparatus as claimed in any preceding claim, 
further comprising an illuminator means 
(12,112) for providing high intensity short dura- 
tion illumination to illuminate the substantially 
predictable event. 

9. Apparatus as claimed in claim 8, further com- 
prising means (284) for disabling the illumina- 
tor means (12,112) for a period of time imme- 
diately after the illuminator is triggered, said 
time period being sufficiently long to prevent 
the illuminator means from generating interfer- 
ing signals during the second image acquisi- 
tion scan. 

10. Apparatus as claimed in claim 9, wherein the 
illuminator means (12,112) includes means 
(302) for pre-charging the illuminator means to 
enable activation of the illuminator means, and 
the means (284) for disabling causes disabling 
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of the means for pre-charging. 

11. Apparatus as claimed in any preceding claim 
further comprising storage means (228) for 
storing the image data. 5 

12. Apparatus as claimed in any preceding claim, 
wherein the means (268,270) for triggering an 
image acquisition scan comprises a precision 
timing means (280,282,288) for generating a io 
precision first predetermined time period such 

that the high intensity short duration illumina- 
tion is triggered to occur the precision first 
predetermined time period subsequent to gen- 
eration of the prefresh scan pulse (290). 75 

13. Apparatus as claimed in any preceding claim, 
wherein the first predetermined period is at 
least as long as the period of the periodic scan 
pulses. 20 

14. Apparatus as claimed in any preceding claim, 
wherein the first predetermined period is at 
least long enough to permit an image acquisi- 
tion scan of a predetermined portion of the 25 
image sensor sufficient to provide desired im- 
age data corresponding to the substantially 
predictable event. 

15. A method for synchronizing image acquisition 30 
by a video camera (16,116) to high intensity 
short duration illumination of a substantially 
predictable asynchronous event in real time, 
wherein the video camera includes a CCD im- 
age sensor, the method comprising the steps 35 
of; 

generating periodic refresh pulses (508) to 
periodically trigger an image acquisition scan 
of the image sensor; 

disabling the refresh pulses and generat- aq 
ing a prefresh pulse (290) a first predetermined 
time period prior to the substantially predict- 
able event for triggering a first image acquisi- 
tion scan of the image sensor a first predeter- 
mined time period prior to the substantially 45 
predictable event thereby preconditioning the 
image sensor and disabling image acquisition 
scan until occurrence of the substantially pre- 
dictable event; 

triggering short duration high intensity illu- 50 
mination of the substantially predictable event; 
and 

generating an image acquisition pulse 
(292) for triggering a second image acquisition 
scan of the image sensor a second predeter- 55 
mined time period subsequent to the first pre- 
determined time period to generate image data 
corresponding to the substantially predictable 



event. 

16. A method as claimed in claim 15, wherein the 
video camera (16,116) includes a synchroniza- 
tion generator circuit that generates periodic 
scan pulses which trigger periodic image ac- 
quisition scans of the image sensor, the meth- 
od further comprising the step of disabling the 
scan pulses of the synchronization generator 
circuit and replacing the scan pulses with the 
periodic refresh pulses (508). 

17. A method as claimed in claim 15 or claim 16, 
wherein an illuminator (12,112) requiring pre- 
charging is utilized for illumination, the method 
further comprising the step of disabling pre- 
charging of the illuminator for a time period 
after the triggering of the illumination. 

18. A method as claimed in any of claims 15 to 
17, further comprising the step of storing the 
image information. 

Patentansprtiche 

1. Vorrichtung zur Echtzeit-Synchronisierung ei- 
ner hochintensiven, kurzdauernden Beleuch- 
tung eines im wesentlichen voraussagbaren 
asynchronen Ereignisses zu der Bildaufnahme 
einer Videokamera (16,116) mit einem CCD- 
Bildsensor und einer Synchronisierungsgenera- 
torschaltung, die periodische Abtastim pulse er- 
zeugt, die eine Bildabtastung durch den Bild- 
sensor auslosen, bestehend aus: 

einer Vorrichtung (304) zur selektiven Un- 
terdrOckung der period ischen Abtastim pulse 
und zur Erzeugung eines vorgezogenen Auf- 
frischabtastim pulses (290) zur Auslosung einer 
ersten Bildabtastung durch den Bildsensor 
wahrend einer ersten vorherbestimmten Zeit- 
spanne vor dem im wesentlichen voraussagba- 
ren Ereignis, wobei der Bildsensor prakondito- 
niert wird und die Bildabtastung unterdrOckt 
wird bis das im wesentlichen voraussagbare 
Ereignis eintritt; 

eine Vorrichtung (304) zur Auslosung 
hochintensiver, kurzdauernder Beleuchtung 
des im wesentlichen voraussagbaren Ereignis- 
ses; und 

Vorrichtungen (268,270) zur Auslosung ei- 
ner zweiten Abtastung durch den Bildsensor 
nach der ersten vorherbestimmten Zeitspanne, 
urn Bilddaten zu erzeugen, die dem im we- 
sentlichen voraussagbaren Ereignis entspre- 
chen. 

2. Vorrichtung gemaB Anspruch 1, weiterhin mit 
Regenerierungsvorrichtungen (322,330) zur Er- 
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zeugung periodischer Auffrischimpuise (508), 
und mit Vorrichtungen zur Unterdruckung der 
Abtastimpulse, die dutch die Synchronisie- 
rungsgeneratorschaltung der Videokamera er- 
zeugt werden und zum Ersatz der Auffrischim- 
puise, so da8 die Auffrischimpuise als periodi- 
sche Abtastimpulse genutzt werden. 

3. Vorrichtung gemaB Anspruch 2, dadurch ge- 
kennzeichnet, daB die periodischen Auffrisch- 
impuise (508) eine Periode haben, die zumin- 
dest ebenso lang wie die periodischen Abtast- 
impulse sind. 

4. Vorrichtung gemaB einem der vorhergehenden 
Anspruche, zusatzlich mit einer Vorrichtung 
(324) zur Unterdruckung der Vorrichtungen 
(268,270), die die zweite Bildabtastung wah- 
rend einer zweiten vorherbestimmten Zeitspan- 
ne nach der Auslosung der hochintensiven, 
kurzdauemden Beleuchtung auslosen. 

5. Vorrichtung gemaB einem der vorhergehenden 
Anspruche, dadurch gekennzeichnet, dafi das 
im wesentlichen voraussagbare Ereignis weit- 
gehend innerhalb einer Zeitspanne bekannter 
Lange vorhersagbar ist. 

6. Vorrichtung gemaB Anspruch 5, dadurch ge- 
kennzeichnet, daB das im wesentlichen voraus- 
sagbare Ereignis eine durch die Videokamera 
(16,116) erkennbare Bewegung in Richtung ei- 
ner Stelle eines Teils eines Druckmusters auf 
einem bewegten Gewebeband (114) innerhalb 
einer Gewebebedruckvorrichtung mit bekann- 
ten Wiederholungsintervallen ist. 

7. Vorrichtung gemaB Anspruch 6, dadurch ge- 
kennzeichnet, daB der betreffende Anteil des 
Druckmusters auf dem Gewebeband (114) eine 
Registriermarkierung ist. 

8. Vorrichtung gemaB einem der vorhergehenden 
Anspruche, die weiterhin eine Beleuchtungs- 
vorrichtung (12,112) zur Bereitstellung eines 
hochintensiven, kurzdauemden Lichtsignals 
enthalt, um das im wesentlichen voraussagba- 
re Ereignis zu beleuchten. 

9. Vorrichtung gemaB Anspruch 8, zusatzlich mit 
einer Vorrichtung (284) zur Unterdruckung der 
Beleuchtungsvorrichtung (12,112) uber eine 
Zeitspanne unmittelbar nachdem die Beleuch- 
tungsvorrichtung ausgelost wurde, wobei die 
Zeitspanne lang genug ist, um die Erzeugung 
interferierender Signale wahrend der zweiten 
Bildabtastung durch die Beleuchtungsvorrich- 
tung zu verhindern. 



10. Vorrichtung gemaB Anspruch 9, dadurch ge- 
kennzeichnet, daB die Beleuchtungsvorrichtung 
(12,112) eine Vorrichtung (302) zur vorherigen 
Aufladung der Beleuchtungsvorrichtung ent- 
5 halt, um die Aktivierung der Beleuchtungsvor- 

richtung zu errnoglichen, und daB die Vorrich- 
tung (284) zur Unterdruckung die Vorrichtung 
zur vorherigen Aufladung inaktiviert. 

io 11. Vorrichtung gemaB einem der vorhergehenden 
Anspruche, zusatzlich mit einer Speichervor- 
richtung (288) zur Speicherung der Bilddaten. 

12. Vorrichtung gemaB einem der vorhergehenden 
15 AnsprUche, dadurch gekennzeichnet, daB die 

Vorrichtung (268, 270) zur Auslosung einer 
Bildabtastung eine Prazisionszeitgebervorrich- 
tung (280,282,288) zur Erzeugung einer prazi- 
sen ersten vorherbestimmten Zeitspanne ent- 

20 halt, so daB die hoch intensive, kurzdauernde 

Beleuchtung derart ausgelost wird, daB sie 
wahrend der prazisen ersten vorherbestimmten 
Zeitspanne nach der Erzeugung des vorgezo- 
gegen Vorauffrischabtastimpulses (290) statt- 

25 findet. 

13. Vorrichtung gemaB einem der vorhergehenden 
Anspruche, dadurch gekennzeichnet, daB die 
erste vorherbestimmte Zeitspanne zumindest 

30 ebenso lang wie die Periode der periodischen 

Abtastimpulse ist. 

14. Vorrichtung gemaB einem der vorhergehenden 
Anspruche, dadurch gekennzeichnet, daB die 

35 erste vorherbestimmte Zeitspanne zumindest 

lang genug ist, um eine Bildabtastung eines 
vorherbestimmten Teils des Bildsensors zu er- 
lauben, der ausreichend ist, um die gewunsch- 
ten Bilddaten zu liefern, die dem im wesentli- 

40 chen voraussagbaren Ereignis entsprechen. 

15. Verfahren zur Echtzeit-Synchronisierung der 
Bildaufnahme einer Videokamera (16,116) zu 
einer hochintensiven, kurzdauemden Beleuch- 

45 tung eines im wesentlichen voraussagbaren 

asynchronen Ereignisses, wobei die Videoka- 
mera einen CCD-Bildsensor enthalt und wobei 
das Verfahren die folgenden Schritte umfaBt: 
Erzeugung periodischer Auffrischimpuise 

so (508) zur periodischen Auslosung der Bildabta- 

stung durch den Bildsensor; 

Unterdruckung der Auffrischimpuise und 
Erzeugung eines vorgezogenen Auffrischim pul- 
ses (290) wahrend einer ersten vorherbe- 

55 stimmten Zeitspanne vor dem im wesentlichen 

voraussagbaren Ereignis zur Erzeugung einer 
ersten Bildabtastung durch den Bildsensor 
wahrend der ersten vorbestimmten Zeitspanne 
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vor dem im wesentlichen voraussagbaren Er- 
eignis, wobei der Bildsensor prakonditioniert 
wird und die Bildabtastung ausgeschaltet wird, 
bis das im wesentlichen voraussagbare Ergeb- 
nis erfolgt; 

Auslosung der hochintensiven, kurzdauern- 
den Beleuchtung des im wesentlichen voraus- 
sagbaren Ereignisses; und 

Erzeugung eines Bildaufnahmeimpulses 
(292) zur Auslosung einer zweiten Bildabta- 
stung durch den Bildsensor wahrend einer 
zweiten vorherbestimmten Zeitspanne nach 
der ersten vorherbestimmten Zeitspanne, um 
Bilddaten zu erzeugen, die dem im wesentli- 
chen voraussagbaren Ereignis entsprechen. 

16. Verfahren nach Anspruch 15, dadurch gekenn- 
zeichnet, daS die Videokamera (16,116) einen 
Synchronisierungsgeneratorschaltkreis enthalt, 
der periodische Abtastimpulse erzeugt, die die 
periodischen Bildabtastungen durch den Bild- 
sensor auslosen, wobei das Verfahren weiter- 
hin den Schritt der Unterdruckung der Abtast- 
impulse des Synchronisierungsgeneratorschalt- 
kreises enthalt und die Abtastimpulse durch 
die periodischen Auffrischimpulse (508) er- 
setzt. 

17. Verfahren gemaB Anspruch 15 Oder 16, da- 
durch gekennzeichnet, dafi eine Beleuchtungs- 
vorrichtung (12,112), die eine vorhergehende 
Aufladung erforderlich macht, zur Beleuchtung 
Verwendung findet, wobei das Verfahren wei- 
terhin den Schritt der Unterdruckung der vor- 
herigen Aufladung der Beleuchtungsvorrich- 
tung Ober eine bestimmte Zeit nach der Auslo- 
sung der Beleuchtung beinhaltet. 

18. Verfahren gemaB einem der AnsprUche 15 bis 
17, weiterhin mit dem Schritt der Speicherung 
der Bildinformation. 

Revendicatlons 

1. Dispositif pour synchroniser Teclairement de 
courte duree, de forte intensite, d'un evene- 
ment asynchrone pouvant sensiblement etre 
predit.en temps reel avec Tacquisition d'image 
par une camera video (16, 116) ayant un cap- 
teur d'image a CCD (dispositif a couplage de 
charges) et un circuit generateur de synchroni- 
sation qui produit des impulsions periodiques 
de balayage qui declenchent un balayage 
d'acquisition d'image du capteur d'image, 
comprenant : 

un moyen (304) pour invalider de maniere 
selective les impulsions periodiques de balaya- 
ge et pour produire une impulsion de balayage 



de pre-rafraTchissement (290) pour declencher 
un premier balayage d'acquisition d'image du 
capteur d'image, une premiere periode de 
temps predeterminee avant I'evenement pou- 

5 vant sensiblement etre predit, en precondition- 

nant par ce moyen le capteur d'image et en 
invalidant le balayage d'acquisition d'image 
jusqu'a I'apparition de I'evenement pouvant 
sensiblement etre predit ; 

70 un moyen (304) pour declencher I'eclaire- 

ment de courte duree, de haute intensite, de 
I'evenement pouvant sensiblement etre predit ; 
et, 

un moyen (268, 270) pour declencher un 
75 second balayage d'acquisition d'image du cap- 

teur d'image a la suite de la premiere periode 
de temps predeterminee pour produire les 
donnees d'image correspondant a I'evenement 
pouvant sensiblement etre pr£dit. 

20 

2. Dispositif selon la revendication 1 , comprenant 
en outre un moyen de rafraTchissement (322, 
330) pour produire des impulsions periodiques 
de rafraTchissement (508) et un moyen pour 

25 invalider les impulsions de balayage produites 

par le circuit generateur de synchronisation de 
la camera video (16, 116) et pour y substituer 
les impulsions de rafraTchissement de telle ma- 
niere que les impulsions de rafraTchissement 

30 soient utilisees comme impulsions periodiques 

de balayage. 

3. dispositif selon la revendication 2, dans lequel 
les impulsions periodiques de rafraTchissement 

35 (508) ont une periode au moins aussi longue 

que les impulsions periodiques de balayage. 

4. Dispositif selon I'une quelconque des revendi- 
cations precedentes, comprenant en outre un 

40 moyen (324) pour invalider le moyen (268, 

270) de declenchement du second balayage 
d'acquisition d'image, pendant une seconde 
periode de temps predeterminee, apres le de- 
clenchement de I'eclairement de courte duree, 

45 de forte intensite. 

5. Dispositif selon I'une quelconque des revendi- 
cations precedentes, dans lequel I'evenement 
pouvant sensiblement etre predit peut sensi- 

50 blement etre predit a I'interieur d'une fenetre 

de temps de duree connue. 

6. Dispositif selon la revendication 5, dans lequel 
I'evenement pouvant sensiblement etre predit 

55 est le deplacement vers un emplacement de- 

tectable par la camera video (16, 116) d'une 
partie d'un motif imprime sur une bande mobi- 
le (1 1 4) dans un appareil d'impression a bande 
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ayant une longueur de repetition connue. 

7. Dispositif selon la revendication 6, dans lequel 
la partie souhaitee du motif imprime sur la 
bande (1 1 4) est une marque de concordance. 5 

8. Dispositif selon Tune quelconque des revendi- 
cations precedentes, comprenant en outre un 
moyen d'^clairement (12, 112) pour fournir un 
eclairement de courte duree, de forte intensite, io 
pour eclairer I'evenement pouvant sensible- 
ment etre predit. 

9. Dispositif selon la revendication 8, comprenant 

en outre un moyen d f invalidation (284) pour 75 
invalider le moyen d'edairement (12, 112) pen- 
dant une periode de temps qui suit directe- 
ment le declenchement du moyen d'eclaire- 
ment, ladite periode de temps etant suffisam- 
ment longue pour empecher le moyen d'eclai- 20 
rement de produire des signaux parasites pen- 
dant le second balayage d'acquisition d'image. 

10. Dispositif selon la revendication 9, dans lequel 

le moyen d'eclairement (12, 112) comprend un 25 
moyen (302) pour pr£charger le moyen d f 6clai- 
rement pour permettre I'activation du moyen 
d'eclairement, et dans lequel le moyen d'invali- 
dation (284) provoque revalidation du moyen 
de pre"charge. 30 

11. Dispositif selon Tune quelconque des revendi- 
cation s precedentes, comprenant en outre un 
moyen de memorisation (228) pour memoriser 

les donnees d'image. 35 

12. Dispositif selon Tune quelconque des revendi- 
cations precedentes, dans lequel le moyen 
(268, 270) de declenchement d'un balayage 
d'acquisition d'image comprend un moyen de 40 
synchronisation de precision (280, 282, 288) 
pour produire une premiere periode de temps 
predeterminee avec precision de telle maniere 

que l*6clairement de courte duree, de forte 
intensite, soit declenche pour se produire dans 45 
la premiere periode de temps predeterminee 
avec precision a la suite de la production de 
I'impulsion de balayage de pre rafratchissement 
(290). 

50 

13. Dispositif selon Tune quelconque des revendi- 
cations precedentes, dans lequel la premiere 
periode predeterminee est au moins aussi lon- 
gue que la periode des impulsions periodiques 

de balayage. 55 

14. Dispositif selon Tune quelconque des revendi- 
cations precedentes, dans lequel la premiere 



periode predeterminee est au moins suffisam- 
ment longue pour permettre un balayage d'ac- 
quisition d'image d'une partie predeterminee 
du capteur d'image, suffisante pour fournir les 
donnees d'image souhaite'es correspondant k 
I'evenement pouvant sensiblement etre predit. 

15. Procede de synchronisation d'acquisition 
d'image par une camera video (16, 116) avec 
un eclairement de courte duree, de forte inten- 
sity, d'un evenement asynchrone pouvant sen- 
siblement etre predit, en temps reel, dans le- 
quel la camera video comporte un capteur 
d'image a CCD, le procede comprenant les 
etapes : 

de production d'impulsions periodiques de 
rafratchissement (508) pour declencher perio- 
diquement un balayage d'acquisition d'image 
du capteur d'image ; 

d'invalidation des impulsions de rafratchis- 
sement et de production d'une impulsion de 
pre-rafratchissement (290), une premiere perio- 
de de temps predeterminee avant I'evenement 
pouvant sensiblement etre predit, pour declen- 
cher un premier balayage d'acquisition d'ima- 
ge du capteur d'image, une premiere periode 
de temps predeterminee avant I'evenement 
pouvant sensiblement etre predit, en precondi- 
tionnant par ce moyen le capteur d'image et 
en invalidant le balayage d'acquisition d'image 
jusqu'a I'apparition de I'evenement pouvant 
sensiblement etre predit ; 

de declenchement d'un eclairement de 
courte duree, de forte intensite, de I'evene- 
ment pouvant sensiblement etre predit ; et, 

de production d'une impulsion d'acquisi- 
tion d'image (292) pour declencher un second 
balayage d'acquisition d'image du capteur 
d'image, une seconde periode de temps pre- 
determinee a la suite de la premiere periode 
de temps predeterminee, pour produire des 
donnees d'image correspondant a I'evenement 
pouvant sensiblement etre predit. 

16. Procede selon la revendication 15, dans lequel 
la camera video (16, 116) comprend un circuit 
generateur de synchronisation qui produit des 
impulsions periodiques de balayage qui de- 
clenchent des balayages periodiques d'acqui- 
sition d'image du capteur d'image, le procede 
comprenant en outre retape d'invalidation des 
impulsions de balayage du circuit generateur 
de synchronisation et le remplacement des 
impulsions de balayage par les impulsions pe- 
riodiques de rafratchissement (508). 

17. Procede selon la revendication 15 ou la reven- 
dication 16, dans lequel un moyen d'eclaire- 
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ment (12, 112) necessitant une precharge est 
utilise* pour T^clairement, le proceed compre- 
nant en outre I'etape d 'invalidation de la pre- 
charge du moyen d'eclairement pendant une 
certaine pe>iode de temps apres le declenche- s 
ment de I'eclairement. 

18. Procede selon Tune quelconque des revendi- 
cations 15 a 17, comprenant en outre T6tape 
de memorisation de '"information d'image. io 
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